Background: Adverse health-related behaviours (HRBs) have been shown to co-occur in adolescents. Evidence lacks on factors associated with these co-occurring HRBs. The Theory of Triadic Influence (TTI) offers a route to categorize these determinants according to type (social, cultural and intrapersonal) and distance in the causal pathway (ultimate or distal). Our aims were to identify cultural, social and intrapersonal factors associated with co-occurring HRBs and to assess the relative importance of ultimate and distal factors for each cluster of co-occurring HRBs. Methods: Respondents concerned a random sample of 898 adolescents aged 12-18 years, stratified by age, sex and educational level of head of household. Data were collected via face-to-face computer-assisted interviewing and internet questionnaires. Analyses were performed for young (12-15 years) and late (16-18 years) adolescents regarding two and three clusters of HRB, respectively. Results: For each cluster of HRBs (e.g. smoking, delinquency), associated factors were found. These accounted for 27 to 57% of the total variance per cluster. Factors came in particular from the intrapersonal stream of the TTI at the ultimate level and the social stream at the distal level. Associations were strongest for parenting practices, risk behaviours of friends and parents and self-control. Conclusion: Results of this study confirm that it is possible to identify a selection of cultural, social and intrapersonal factors associated with co-occurring HRBs among adolescents. 
Introduction

M
any adverse health-related behaviours (HRBs) emerge or augment during adolescence. These behaviours, such as smoking, poor diet, physical inactivity, excessive alcohol consumption, risky sexual behaviours and illicit drug use, are relatively persistent during life. They highly contribute to morbidity and mortality among adults. Because of this, many health-promoting interventions have been developed that target behaviours in this age group. Recent studies have shown adverse HRBs to co-occur in adolescents [1] [2] [3] [4] and also in adults. [5] [6] [7] This co-occurrence seems to be stronger for some behaviours, i.e. clusters of HRBs were identified, 5, 8, 9 which seem to vary by age. 4 The clustering of HRBs leaves to be answered whether factors associated with these behaviours co-occur equally. Several researchers have looked for associated factors across behaviours within a specific cluster. Durlak, 10 for instance, concluded that risk factors for various behaviours, such as behaviour problems, drug use, HIV/AIDS, poor physical health and smoking, are to a large extent similar. These risk factors concerned impoverished neighbourhoods, poor school quality, low family socio-economic status, parental problems and childrearing practices. 10 Jessor and colleagues also hypothesized common factors associated with adverse HRBs in adolescents, based on a theory-based protection and risk approach, 11, 12 derived from problem-behaviour theory. 13 They found social regulation (parental control and friends' disapproval and control), personal regulation (i.e. 'psychosocial protection') and problem behaviour among friends (i.e. 'psychosocial risk') to be so. 14 Finally, Wiefferink et al. 15 conducted a systematic review on the degree of co-occurrence of smoking, alcohol abuse, safe sex in adolescence and healthy nutrition, and on shared determinants. They found self-esteem, perceived personal health risk and peerand family-related factors (e.g. supportive parents, behaviour of peers and parents and perceived acceptability of behaviour by peers and parents) to be related to adverse HRBs.
A useful framework for the assessment of risk factors of cooccurring adverse HRBs may be offered by the Theory of Triadic Influence (TTI) of Flay and Petraitis, 16 which provides a model for the hierarchy of associated factors, i.e. 'determinants'. The TTI identifies three types of determinants of HRBs: cultural determinants in the cultural environment stream, interpersonal determinants in the social stream and intrapersonal in the biology/personality stream (figure 1). Moreover, the TTI includes determinants at different levels, that is, a proximal, distal and ultimate level. Proximal determinants are conceptualized as rather behaviour-specific, being highly predictive for one behaviour. These include attitudes, social normative beliefs and self-efficacy. Distal determinants of behaviour are causes of behaviour in between proximal and ultimate. These are supposed to be predictive of multiple behaviours (as proposed in this study on determinants of co-occurring HRBs) and include knowledge and values, social relationships and sense of self and social competence. Ultimate determinants of behaviour are believed to also affect multiple behaviours but to be almost unchangeable, i.e. more deeply rooted. These include the culture and society one lives in, the more immediate social environment and a person's inherited traits and/or personality dispositions.
The present study focuses on the identification of common 'ultimate' and 'distal' factors associated with co-occurring HRBs and on the TTI streams to which they belong. Clustering of HRBs may lead to multiple-behaviour interventions as opposed to single-behaviour interventions. 5, 8, 9 This is consonant with the increasing calls for integrative and coordinated approaches to school health promotion. 3, [17] [18] [19] Therefore, the aims of this study were, first, to identify common risk factors associated with cooccurring HRBs based on the TTI and, second, to assess the relative importance of ultimate and distal cultural, social and intrapersonal factors for each cluster of co-occurring HRBs.
Methods
Sample
We obtained data on a Dutch national sample of 898 adolescents: 504 young adolescents (12-15 years) and 394 late adolescents (16-18 years) . Respondents were derived from the 2005-06 Risk Behaviour Survey. This concerned a national random survey of households aiming at residents aged 12-40 years, stratified by age, sex and educational level of head of household. The total sample was 4468 (response 67%); because of the design, separate response rates for adolescents cannot be computed. Details have been reported elsewhere. 4, 20 For this study, we used a subsample of adolescents (n = 898).
Procedure and measures
Data were collected via face-to-face computer-assisted interviewing and internet questionnaires. Adolescent respondents received a reward of 10 Euros for filling out the questionnaire. Questions concerned risk factors based on the TTI and HRB. All questions were derived from nationally and internationally standardized questionnaires as used in routine monitoring of HRBs in the Netherlands. Ethical approval was obtained from the Ethical Committee of the Faculty of Social Sciences, Utrecht University, the Netherlands.
Factors measured concerned age, gender, socio-economic and cultural background and cognitive-behavioural factors. Way of measurement, reliability and source of each factor are listed in Appendix 1 (Supplementary Material), categorized according to the attitudinal, social and intrapersonal streams of the TTI, at the ultimate and distal levels, respectively.
For conceptually adjacent risk factors, we also assessed mutual correlations. We did this for educational level and socio-economic index, the five Big5 measures, the four value orientation measures, parental monitoring and parental control, relation with mother and with father, support from and negative interaction with best friend, descriptive norms of parents and of friends and the three coping strategies. Correlations between them were generally absent (<.10) or weak (<.30). Therefore, these factors were all included as separate factors in the further analyses.
Clusters of co-occurring HRBs were identified in a previous study using exploratory and confirmatory factor analyses. 4 These analyses were performed separately for young and late adolescents. For young adolescents, two factors of interrelated behaviours (from hereof referred to as 'clusters') were identified. First, the 'Alcohol' cluster involved the number of glasses of alcohol consumption per day, number of days of alcohol consumption, smoking, drug abuse and hours of sleep (negative coefficient). Second, 'Delinquency' involved physical and verbal aggression, delinquent behaviour during last year and in the past, ignoring red lights while walking, smoking, having breakfast and fruit consumption (negative coefficients) and moderate and vigorous physical activity. In the present study, the scores on these two clusters were used as outcome variables. Correlation between the two clusters of co-occurring HRBs of young adolescents was .43 (see figure 3 and table 3 in 4 ). For late adolescents, Van Nieuwenhuijzen et al. estimated three clusters of co-occurring HRBs (see figure 2 in 4 ). First, the 'Alcohol' cluster involved the number of glasses of alcohol consumption per day, number of days of alcohol consumption, unsafe sexual behaviour, ignoring red lights while walking or driving a car and vigorous physical activity. Second, the 'Delinquency' cluster involved physical and verbal aggression, delinquent behaviour during last year and in the past, drug abuse, smoking, having breakfast and hours of sleep (negative coefficients for the latter two). Finally, the 'Health' cluster involved having breakfast, fruit consumption, vegetable consumption and light and moderate physical activity. The correlations between the clusters for late adolescents were .58 for Alcohol and Delinquency, and .21 for Health and Alcohol. The late adolescents Health and Delinquency clusters were not correlated. Table 1 presents an overview of observed sample characteristics, including the cultural, social and intrapersonal factors measured in this study, categorized by the three streams and two levels of the TTI.
Statistical analyses
We imputed 5 data sets, in line with Rubin 21 who stated that 5-10 imputed data sets are enough to achieve high efficiency. Of the young and late adolescents, respectively, 7 and 36% had a missing value on one or more ultimate factors and 25 and 20% on one or more distal factors. In clusters, no missing values occurred. First, we performed regression analyses per cluster of co-occurring HRBs to identify cultural, social and intrapersonal factors associated with each cluster. We assessed both the univariate and multivariate association of each factor.
Second, we estimated the variance accounted for of multivariate regression models, with each of the behaviour clusters as outcome and the group of factors (either ultimate or distal) as predictors. In this way, we could assess the relative importance of ultimate and distal factors regarding their association with the behaviour clusters. Analyses were performed for both age groups separately. The social factor: 'negative interaction with best friends' was logtransformed to reduce skewness. The social factors 'descriptive norm parents' and 'descriptive norm friends' were measured behaviourspecifically (e.g. having breakfast). For these, we selected per HRB cluster the descriptive norm that correlated most strongly with the cluster. This resulted in the use of norm towards smoking for the Delinquency cluster in young adolescents and also for the Alcohol cluster. In late adolescents, this concerned having breakfast as descriptive norm for the Health cluster, smoking for the Delinquency cluster and alcohol consumption for the Alcohol cluster.
The statistical significance of the regression coefficients was determined using a false discovery rate correction for multiple testing 22 and an overall two-sided alpha of .05. Analyses were performed using R version 2.15, 23 using the R-package 'MICE'. 24 The mean regression coefficient of the imputed data sets was used as final point estimate for all groups.
Results
Cultural, social and intrapersonal factors associated with co-occurring HRBs in young adolescents
Associations of cultural, social and intrapersonal factors with co-occurring HRBs are shown in table 2 for young adolescents, i.e. for the Alcohol and Delinquency clusters. Univariately, 11 of the included 27 factors were associated with both the Alcohol and Delinquency clusters with statistical significance. An additional 11 factors were significantly associated with the Delinquency cluster only. Notes: C, cultural stream; S, social stream; I, intrapersonal stream; VO, value orientation; D-norm, descriptive norm; CS, coping strategy. a: In the regression analyses the middle and high level of education were merged for the young adolescents.
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For the young adolescents' Alcohol cluster, age, descriptive norms of friends and parental monitoring and control univariately held the strongest associations. For the Delinquency cluster, strongest univariate associations concerned self-control, parental monitoring, descriptive norms of friends, relation with father and with mother, Big5 agreeableness and Big5 conscientiousness.
The multivariate models for the young adolescents, with all ultimate and distal cultural, social and intrapersonal factors, accounted for 45 and 53% of the total variance in the Alcohol and Delinquency cluster, respectively. In the multivariate regression model, the adolescent's age remained the most strongly associated factor with the Alcohol cluster and self-control with the Delinquency cluster (table 2) .
Regarding streams of influence according to the TTI, multivariately four ultimate factors came from the intrapersonal stream and one from the social stream. Regarding distal factors, all six multivariately significant factors came from the social stream. Thus, multivariately none of the important associated factors belonged neither to the cultural stream nor to the intrapersonal stream at the distal level, with the most important associated factors belonging to the intrapersonal stream at the ultimate level and the social stream at the distal level.
Cultural, social and intrapersonal factors associated with co-occurring HRBs in late adolescents
Associations of cultural, social and intrapersonal factors with cooccurring HRBs in late adolescents are shown in table 3. Univariately, 5 of the 28 included factors were associated with all clusters of co-occurring HRBs (i.e. sex, self-determined value orientation, parental monitoring and descriptive norms of parents and friends) with statistical significance. An additional 8 significantly associated factors were found for the Alcohol cluster, 6 for the Health cluster and 12 for the Delinquency cluster only.
For the late adolescents' Alcohol cluster, a hedonic value orientation, parental monitoring, Big5 agreeableness and descriptive norms of friends univariately had the strongest associations with outcome. For the Health cluster, strongest associations were univariately found with descriptive norms of friends and parents, and of educational level. For the late adolescents' Delinquency cluster, strongest associations were univariately found with descriptive norms of friends, parental monitoring, self-control and Big5 agreeableness (table 3) .
The multivariate models for the late adolescents, with all ultimate and distal cultural, social and intrapersonal factors, accounted for 37, 27 and 57% of the total variance in the Alcohol, Health and Delinquency clusters, respectively. In the multivariate regression model, Big5 extraversion, a hedonic value orientation and descriptive norms of parents and friends were statistically significantly related to higher average scores on the Alcohol cluster. Big5 Agreeableness and parental control remained significantly related to lower scores in the Alcohol cluster (table 3) . Multivariately tested, three significantly associated factors remained for the late adolescents' Health cluster: educational level, descriptive norms of friends and a self-determined value orientation. Descriptive norms of friends remained to be the strongest associated factor for the Delinquency cluster.
Regarding streams of influence of the TTI, for late adolescents, three of the significant ultimate factors concerned the intrapersonal stream and one the social stream. For the distal level, four statistically significantly associated factors concerned the social stream and three the cultural environment stream. Multivariately tested, none of the statistically significant risk factors belonged to the cultural stream at the ultimate level or to the intrapersonal stream at the distal level. The most important associated factors belonged to the intrapersonal stream at the ultimate level and the social stream at the distal level.
Relative influences of the group of ultimate and the group of distal factors
For young adolescents, the relative influences of ultimate and distal factors associated with behaviours in the Alcohol cluster were almost equal (R 2 = 34 and 33%, respectively). For the Delinquency cluster, the influence of the former was the largest (R 2 = 42 and 36%, respectively).
For all late adolescents' HRB clusters, the relative influence was larger for the group of distal cultural, social and intrapersonal factors than that for the group of ultimate factors. The ultimate factors accounted for 18, 15 and 32% of the total variance in the Alcohol, Health and Delinquency clusters, respectively, compared with 28, 21 and 44% of total variance accounted for by the distal factors.
Discussion
Our findings show that associated cultural, social and intrapersonal factors can be identified for co-occurring HRBs in adolescents. Notes: Pooled results are presented of five imputed data sets. crude = standardized regression coefficient in simple regression (Pearson correlation for continuous risk factors); adj = standardized regression coefficient in multiple regression model, adjusted for the effects of the other ultimate and distal factors. Ref., reference category; C, cultural stream; S, social stream; I, intrapersonal stream; VO, value orientation; CS, coping strategy. *Two-tailed overall P < .05. **Two-tailed overall P < .01, using a discovery-wise correction.
These associated factors accounted for 27-57% of the total variance for the clusters of co-occurring HRBs.
None of the important (multivariately significant) factors associated with co-occurring HRBs belonged to the cultural stream at the ultimate level or to the intrapersonal stream at the distal level. This confirms findings of a systematic review by Wiefferink et al. 15 of hardly any reported correlations regarding determinants at these streams and levels. Previous studies predominantly reported associations regarding ultimate determinants in the intrapersonal stream, distal determinants in the social stream and proximal determinants in the cultural stream of the TTI. 4 Our study, being the first to assess associated factors in all streams at both levels simultaneously, confirms these findings.
We found no clear-cut answers regarding the relative importance of distal vs. ultimate factors. An explanation may be that distal factors have stronger associations and affect only a part of a cluster, whereas ultimate factors affect the entire cluster but more weakly because of their more remote position in the model. Although for young adolescents, ultimate and distal factors were either equally important (Alcohol cluster) or the ultimate factors outweighed the distal factors (Delinquency cluster); our results showed the relative associations of distal factors for late adolescents' HRB clusters to be stronger than those of ultimate factors.
We found self-control to be the most important ultimate factor of co-occurring HRBs in the Delinquency cluster for both age groups. This finding corresponds with that of many studies showing that self-control is a major determinant of behaviour in general 25, 26 and, more specifically, for deviant behaviour in childhood, [27] [28] [29] adolescence and adulthood 30, 31 and for health behaviour. 32, 33 Moffitt and colleagues showed that childhood self-control predicts physical health, substance dependence, personal finances and criminal offending outcomes in adults. 33 It has been argued that selfcontrol may be constitutional, 34 the result of adequate parenting 30 or a combination of both. 26 Our findings underscore the importance of self-control as a generic trait that underlies a broad set of behavioural outcomes that can help in explaining the findings that HRBs and deviant behaviour co-occur.
The most important other ultimate factors in this study were educational level, age, sex and personality. Because these were thus associated with multiple co-occurring HRBs, they should generally be considered in health prevention work, and this already seems to be done for the first three ones. Moreover, these associated factors may serve as important starting points to target selective prevention at.
At the distal level, we found some important factors as well, i.e. relation or interaction with parents or best friend, descriptive norms of parents and friends, parental monitoring and control and also specific value orientations (e.g. hedonic or self-determined). The role of friends confirms the general importance of peers in adolescence. 4 In addition to the descriptive norms of friends and parents, the distal factors parental monitoring and control also had strong associations with co-occurring HRBs, confirming previous findings. 35 Parental monitoring has been shown to be a key protective factor for both limiting access to a deviant peer group and reducing the influence of peers on youth problem behaviour. 36, 37 Moreover, improved parenting practices reduce risks for substance use and other problem behaviours. 38, 39 This makes parenting support a corner stone for reducing risks regarding multiple HRBs in adolescents.
The present study has several strengths, in particular, the broad range of cultural, social and intrapersonal factors measured, its relatively high response rate and its national representativeness. Some limitations of this study should also be mentioned. First, we had a cross-sectional design, limiting the potential for inferences on causality. Second, self-reported measures were used to obtain information on factors associated with co-occurring HRBs, as well as HRB outcomes, which may have increased associations as found.
Implications
Our findings imply that health gains may be attained by addressing some common ultimate and distal factors associated with multiple HRBs, and provide cues for improving the effectiveness and efficiency of preventive interventions. Moreover, as we were the first to include such a wide range of HRBs and associated factors, our findings deserve confirmation in other, preferably longitudinal or experimental studies. Potential health gains to be made are major.
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Keypoints
Our large study significantly adds to the integral understanding of cultural, social and intrapersonal factors associated with co-occurring HRBs among adolescents. Large health gains may be attained by addressing common ultimate and distal cultural, social and intrapersonal factors associated with multiple health behaviours. This concerns in particular parenting practices and descriptive norms of friends and parents, as these are associated with several clusters of co-occurring behaviours. Self-control could be addressed regarding its association with co-occurring delinquency-related behaviours. More integrative intervention approaches could be in particular targeted at distal associated factors, as these are theorized to be underlying constructs and to have a generalizable influence across behaviours.
